Ten healthy subjects (six women, age 25.8 ± S.D. 2.4 years, weight 75.8 ± S.D. 10.9 kg) with 129 no history of balance disorders, no injuries of the legs and no use of medication, which affects 130 balance, participated. This study was performed according to the principles of the Declaration 131 of Helsinki and all subjects gave written informed consent to participate in this study. 132
Apparatus 133
In this study a bilateral ankle perturbator (BAP) was used to perturb the proprioceptive 134 information of both legs independently by applying support surfaces rotations of both feet 135 separately around the ankle axis, see Figure 1 (Schouten 2011). Each support surface consists 136 of a custom-made 6 DoF force plate (Forcelink B.V., Culemborg, The Netherlands) connected 137 to a servomotor via a lever arm. The actual angles of rotation (i.e. motor angles) and the 138 applied torques to both support surfaces (i.e. motor torques) are available for measurement. 139
The BAP was placed on a 6 DoF motion platform (Motek Medical B.V., Amsterdam, The 140 Netherlands) to apply support surface translations in the anterior-posterior direction to the 141 BAP with the subject on top. The platform translation (s ext ) accelerates the base of support 142 which is equivalent to a virtual torque applied at the ankles. The magnitude of the perturbation 143 depends on the mass of the subjects and the center of mass location (equation 1) (van der 144 Kooij et al. 2005) . 145
(1) 146 backboard (mass 1.2 kg, moment of inertia 0.134 kgm 2 around the axis through the center 154 located at the subjects' center of mass (l CoM )) minimize the use of the hip joint (Creath et al. 155 2005) and stood with their arms crossed over their chest. The subjects were repeatedly 156 instructed to distribute their body weight equally over both legs during the trials to eliminate 157 the influence of weight bearing asymmetry (van Asseldonk et al. 2006) . 158
The experiments consisted of two conditions: 1) the left support surface rotated with different 159 amplitudes, while the right support surface did not rotate; 2) the right support surface rotated 160 with different amplitudes, while the left support surface rotated with constant amplitude. In 161 addition, the motion platform with the BAP was translated in anterior-posterior direction (see 162 Table 1 ). 163
Each condition was presented twice in random order and each trial lasted 180 seconds. Before 164 each trial the subjects were given about 30 seconds to get accustomed to the perturbations, to 165 close their eyes and to reach a steady state. Between trials subjects were given sufficient time 166 to rest. 167
Perturbation signals 168
Three different pseudo-random unpredictable perturbation signals were used in this study, 169 namely for the left and right support surface rotation (SS rotation) and for the anterior-170 posterior platform translation (Pintelon R. 2001 The anterior-posterior platform movement (s ext ) was determined by averaging the three 199 markers on the platform. From the markers on the body the location of the Centre of Mass 200 (CoM) was determined according to Winter et al. (1990) (Winter 1990) . The body sway angle 201 (BS) was calculated from the anterior-posterior movement of the CoM and the distance 202 between the lateral malleolus and the CoM, i.e. the length of the pendulum (l CoM ). The data of 203 the force plates, motor angles (SS) and motor torques were resampled from 2520 Hz to 120 204
Hz. The data were filtered with a second order low pass digital Butterworth filter with cut-off 205 frequency of 10 Hz. The ankle torques (T l , T r ) were obtained by subtracting the contribution 206 of the mass and inertia of the support surfaces from the recorded motor torques. The data of 207 the 6 DoF force plates were corrected for the influence of the inertia and mass of the top layer 208 according to the procedure of Preuss and Fung (2004) (Preuss and Fung 2004) . Weight 209 bearing of the subject was calculated by dividing the mean vertical force below the left foot 210 by the mean of the summed vertical forces below both feet. 211
The time series were split into three data blocks of 58.08 seconds (i.e. the length of the 212 perturbation signal). Data blocks with missing markers were excluded from further analysis. 213
The two trials of each condition resulted in six data blocks (2 trials of 3 data blocks).
based on a two-leg approach of postural control. In this approach the human body is assumed 220 to move as an inverted pendulum, which is stabilized by the sum of the two corrective ankle 221 torques generated by two stabilizing mechanisms, see Figure 3 (van Asseldonk et al. 2006) . 222
The stabilizing mechanisms comprise of passive and active components of the CNS. According to the sensory reweighting hypothesis each sensory system is presented by a 229 sensory channel consisting of a weighting factor, which represents the relative weight of the 230 sensory information (Peterka 2003) . The sum of all weighting factors equals one (Peterka 231 2003) . Therefore, a decrease in the weighting factor of one sensory channel must always be 232 accompanied by an increase in the weighting factor of another sensory channel. This approach 233 allows for asymmetry between the stabilizing mechanisms, i.e. the sum of weights used by the 234 left stabilizing mechanism can be different from the sum of weights used by the right 235 stabilizing mechanism (W l ≠W r ). 236
To be able to detect sensory reweighting of the separate legs, the stabilizing mechanisms 237 should only be influenced by the sensory weights. Two other factors could also contribute to 238 asymmetry between the stabilizing mechanisms: 1) asymmetry in weight bearing (van 239 Asseldonk et al. 2006) and 2) asymmetry of left and right muscle properties and neural 240 feedback loops. Therefore, subjects were instructed to distribute their weight equally over 241 both legs, so it was reasonable to assume that the muscle and neural (passive) feedback 242 properties were similar for both legs. 243
Sensory perturbations of proprioceptive information by rotation of the left and right support 244 surfaces affect the output of the stabilizing mechanisms, which are represented by the ankle 245 torques of the left and right leg. To assess sensory reweighting and the properties of the 246 stabilizing mechanisms, the closed loop balance control system will be disturbed by sensory 247 perturbations (i.e. support surface rotations) and external perturbations (i.e. platform9
Frequency Response Functions 250
The data was transformed to the frequency domain. The periodic part of the frequency 251 coefficients was determined by averaging over the data blocks (van der Kooij and de Vlugt 252 Signals'). 256
The stabilizing mechanisms were estimated using the joint input-output approach (equation 2) 257 (van der Kooij et al. 2005) . 258 functions were estimated using the indirect approach (equation 3) (van der Kooij et al. 2005) . 274
In which Φ SS,T is the CSD of the left and right support surface rotation (SS l and SS r ) and the 276 left and right ankle torque (T l and T r ) and Φ SS,SS the PSD of the left and right support surface 277 rotation (SS l and SS r ). As the corrective torque which has to be delivered by the subject is 278 dependent on gravity, the FRFs were normalized for the subject's mass and length, i.e. the 279 gravitational stiffness (mgl CoM ). 280 torques or body sway using equation 3. 283
In which x represents a perturbation signal (SS l , SS r or d ext ) and y an output signal (T l , T r or 285 BS). By definition coherence varies between 0 and 1, where coherence close to one indicates a 286 good signal to noise ratio and linear behavior. 287
Statistical analysis 288
For statistical analysis the PSDs and CSDs were averaged within seven frequency bands 289 For all tests significance (α) was set at 0.05. Sphericity was tested with the Mauchly's test. In 307 case of lack of sphericity a Huynh-Feldt correction was applied. When a significant difference 308 was found, a post-hoc test was performed using pair wise comparison with Bonferroni 309 correction. All analyses were performed with SPSS version 16.0 (SPSS, Chicago, IL). 310 Table 2 gives an overview of the average weight bearing (percentage of weight on left leg) 312 during all conditions. It was tested whether weight bearing differed between conditions, as 313 this can cause an asymmetry in the stabilizing mechanisms (van Asseldonk et al. 2006 ).
(p=0.87). However, there was a significant difference between the two-leg perturbation 316 conditions (p=0.024). This was due to a difference between the L3R8 condition and the L3R1 317 condition (p=0.06), showing that subjects tended to distribute their weight asymmetrically in 318 L3R8 condition. Note that due to the Bonferroni correction the significant difference reduced 319 to a trend towards asymmetrical weight bearing. 320
Time series 321 Figure 4 shows the time series of the support surface rotations, the platform disturbance, the 322 ankle torques and the body sway of a typical subject for the two-leg perturbation conditions 323 (i.e. L3R1, L3R3 and L3R8). A nonlinear relationship between the perturbation amplitude and 324 the ankle torques is indicated by the saturation of the torque of the most perturbed leg during 325 the L3R8 condition. Note that the body sway also saturated across conditions. The same 326 phenomenon was found for the one-leg perturbation condition (not shown). 327
Frequency Response Functions 328
Stabilizing mechanisms 329 Figure 5 shows an example of the mean stabilizing mechanisms from one test condition to 330 illustrate the variability between subjects. Figure 6 shows the left and right stabilizing 331 mechanisms for all conditions. The perturbation amplitude of the support surface rotations had 332 no significant influence on the stabilizing mechanisms during the one-leg perturbation 333 conditions (p=0.39) and during the two-leg perturbation conditions (p=0.59). 334
There was no significant main difference between the left and right stabilizing mechanisms 335 during the one-leg (p=0.77) and two-leg (p=0.17) perturbation conditions, However, during 336 the two-leg perturbation conditions an interaction effect was found between body side (i.e. left 337 and right stabilizing mechanism) and perturbation amplitude (p=0.002). Post-hoc analysis 338
showed that the gain of the left stabilizing mechanism was significantly higher than the gain12 1.4 Hz (p=0.001, p<0.001, p=0.007 and p=0.004 respectively) (see Figure 5 ). This means that 341 there was an asymmetry between the left and right stabilizing mechanisms in the L3R8 342 condition, i.e. the left leg contributed more to total body stability. Note that subjects also 343 tended to put more weight on the left leg during this condition.
One-leg perturbation 346 Figure 7 shows an example of the mean torque sensitivity functions of one condition to 347 illustrate the variability across the subjects. Figure 8 presents the body sway and total torque 348 sensitivity functions to the perturbations. These sensitivity functions both decrease with 349 increasing perturbation amplitude. 350
In Figure 9 the torque sensitivity functions are displayed for the conditions with rotation of 351 one support surface (condition L1R0, L3R0 and L8R0). The coherence between the platform translation and the torques or body sway increased with 384 higher frequencies ( Figure 6 ). Coherence between the support surface rotations and the 385 torques was high for low frequencies and frequencies higher than 0.5 Hz (Figure 9 and Figure  386 10). 387
With higher amplitudes the coherence increased, likely due to the increased signal to noise 388 ratio with higher perturbation amplitudes, i.e. more signal power. 389
Discussion

390
Balance control involves the stabilization of the body in response to perturbations, i.e. ankle 391 torques are generated to control body sway. Body sway is sensed by different sensory systems 392 (vision, proprioception, vestibular system) and used by the (motor) controller. The (motor) 393 controller, muscles and sensory systems together form a stabilizing mechanism. Here, we 394 applied platform perturbations to investigate this stabilizing mechanism in combination with 395 support surface rotations to investigate the relative weights of the different sensory systems, 396
i.e. sensory reweighting. The support surface rotations affect both the active and passive 397 feedback mechanisms. 398
Methodological issues 399
When considering small deviations around an operating point, a non linear system, like 400 balance control, can be linearized. In this experiment linear models were used to identify The amplitude of the rotations of the support surfaces is given in radians. The platform perturbation amplitude (on average 3.1 cm) was set by the experimenter for each subject individually to the maximal value a subject could withstand without falling or stepping.
643 Table 2 Weight bearing during each condition. 
